ABSTRACT A spotted fever-like rickettsia was identiÞed in a Hemaphysalis tick by polymerase chain reaction (PCR) ampliÞcation and sequencing of the 16S rDNA, ompA, and ompB genes. A comparison of these nucleotide sequences with those of other spotted fever group (SFG) rickettsiae revealed that the Hemaphysalis tick rickettsia was distinct from other previously reported strains. Phylogenetic analysis based on both ompA and ompB also indicates that the strainÕs closest relatives are the agents of Thai tick typhus (Rickettsia honei strain TT-118) and Flinders Island spotted fever (R. honei). This study represents the Þrst report of an R. honei-like agent from a Hemaphysalis tick in Australia and of a spotted fever group rickettsia from Cape York Peninsula, Queensland.
THE GENUS Rickettsia is presently divided into three main groups based on vector, host, antigenic crossreactivity, and nucleotide sequences of a number of diagnostic genes. These three groups include an ancestral group comprised of Rickettsia bellii and Rickettsia canadensis; the typhus group (TG) deÞned by Rickettsia typhi and Rickettsia prowazekii; and the spotted fever group (SFG), containing all other members of the genus Rickettsia (Fournier et al. 2003) . A related species, Orientia tsutsugamushi, previously classiÞed as a member of the genus Rickettsia deÞned the scrub typhus group (STG) (Tamura et al. 1995) . Scrub typhus occurs in Australia in northern Queensland (Domrow and Cook 1967, McBride et al. 1999) and in the Northern Territory (Bell and Whelan 1993, Hirunkanokpun et al. 2003) . The causative agent, Orientia tsutsugamushi is endemic to the region, and is transmitted by larvae of Leptotrombidium mites. Murine typhus (Rickettsia typhi), transmitted by the ßeas of rats and mice, has been implicated in human disease in both Queensland and Western Australia (Forbes et al. 1991) . Queensland tick typhus (QTT), Þrst identiÞed in the Atherton Tableland of northern Queensland during the 1940s (Andrew et al. 1946 , Brody 1946 is caused by Rickettsia australis. The vectors of this SFG rickettsia are ticks of the genus Ixodes, particularly Ixodes holocyclus. QTT occurs along the entire eastern coast of Australia, from Cape York (Queensland) in the north to WilsonÕs Promontory (Victoria) in the south (Russell 1998) . Flinders Island spotted fever (FISF) is associated with similar clinical symptoms, but it is caused by a distinct agent, Rickettsia honei. Cases of FISF have been reported on Flinders Island, Tasmania, which is located off the coast of Victoria in the Bass Strait , Stewart 1991 , Chin and Jennens 1995 , Stenos et al. 1998 . FISF is also present in the Gippsland region of Victoria . The reptile-associated tick Bothriocroton hydrosauri (Denny) is the identiÞed vector of these R. honei infections , Whitworth et al. 2003 .
This study describes a rickettsial agent detected within a Hemaphysalis novaeguineae Hirst tick and associated with a probable case of spotted fever in Cape York Peninsula, Queensland.
Materials and Methods
Tick Collection and Identification. The tick was collected at Iron Range, Cape York Peninsula (12 45Њ 46ЉS; 143Њ 17Ј 10ЉE) in far north Queensland, in May 2002. It was found attached to an adult male. The tick was stored in 99% ethanol and was later identiÞed according to morphology (Roberts 1970) as H. novaeguineae.
Sequencing of Rickettsia Genes. The tick was removed from ethanol, dried, and macerated before extraction. DNA was extracted using a DNeasy tissue kit (QIAGEN GmbH, Hilden, Germany) according to the manufacturerÕs protocol. PCR ampliÞcations were carried out in 20-l reaction volumes to a Þnal concentration of 1ϫ Ex Taq buffer (Mg 2ϩ free), 2.5 mM MgCl 2 , 80 m dNTPs, 0.5 m forward and reverse primers, 0.5 U of Ex Taq (TaKaRa, Kyoto, Japan) and 1 l of DNA template. 12S rRNA gene primers, speciÞc for arthropod mitochondrial DNA, were used to control for the quality of extracted DNA (12SAI 5Ј-AAAC-TAGGATTAGATACCCTATTAT, 12SBI 5Ј-AAGAGC-GACGGGCGATGTGT) (Simon et al. 1991) . Three additional primer sets were used: 16S rRNA gene (61 F 5Ј-GCTTAACACATGCAAG, 1227R 5Ј-CCAT-TGTAGCACGTGT) (OÕNeill et al. 1992) , ompA (Rr190.70p 5Ј-ATGGCGAATATTTCTCCAAAA, Rr190. 602.n 5Ј-AGTGCAGCATTCGCTCCCCC) (Regnery et al. 1991) , and ompB (120Ð2788 5Ј-AAACAATAAT-CAAGGTACTGT, 120-3599 5Ј-TACTTCCGGTTA-CAGCAAAGT) (Roux and Raoult 2000) . The cycling regime was as follows for both 12S and 16S ampliÞcations: 95ЊC for 3 min, 35 cycles including denaturation at 95ЊC for 1 min, annealing at 53ЊC for 1 min, and extension at 72ЊC for 1.5 min and then a Þnal extension step at 72ЊC for 10 min. Conditions for the ompA and ompB ampliÞ-cations were as described above with the exception of annealing temperatures that were 48 and 40ЊC, respectively. In all cases, water was used as a negative control to replace template DNA. After polymerase chain reaction (PCR), ampliÞed products were visualized via agarose gel electrophoresis.
The ompB locus is a distinguishing feature of the genus Rickettsia, and the ompA gene is unique to the SFG. Single products of the correct size were obtained for each gene; 1180 bp (16SrDNA), 532 bp (ompA), and 811 bp (ompB). AmpliÞed products were extracted from agarose gels by using a MiniElute gel extraction kit (QIAGEN GmbH) and cloned into pGEM-T easy vector (Promega, Madison, WI) according to the manufacturerÕs protocol. Colonies with inserts of the predicted size were inoculated into LB broth, grown overnight, and DNA was extracted using QIAprep spin miniprep kit (QIAGEN GmbH). In total, 10 clones per gene were sequenced (Australian Genome Research Facility, Queensland) in both directions. Nucleotide sequences were submitted to GenBank under the following accession numbers: AJ585043, AJ585044, and AJ585045 for 16S, ompA, and ompB, respectively.
Phylogenetic Analysis. The 16S, ompA, and ompB sequences were aligned with previously reported sequences from other SFG Rickettsia by using ClustalX (Thompson et al. 1997) . R. prowazekii sequences also were included as an outgroup for the 16S and ompB analyses. Phylogenetic trees were constructed in PAUP 4.0b10 (Swofford 2003 ) by using distance methods (both neighbor-joining and unweighted pairgroup method with arithmetic average). The program Akaike Information Criterion in Modeltest 3.06 (Posada and Crandall 1998) was used to determine the best model of nucleotide substitution. The parameters were as follows for 16S rRNA gene: GTR, gamma ϭ 0.790, Pinv ϭ 0.750, ompA; GTR, gamma ϭ 0.634, Pinv ϭ 0, and ompB; GTR, gamma ϭ 0.510, Pinv ϭ 0. Bootstrap values based on 1000 replicates were used to determine node reliability.
Results and Discussion
Approximately 1 wk after removal of the tick the individual developed a strong fever, accompanied by severe muscle cramps in the back of the legs and extreme lethargy. Over the next 2 d an inoculation eschar formed at the site of the tick bite, and spots developed over much of the body. The individual was diagnosed with spotted fever based on serology. A course of antibiotics was prescribed, and a full recov- ery was made. Given the inßammation around the site of the tick bite and the timing of the onset of symptoms, the removed tick was the most likely vector of the disease.
PCR and sequencing analysis of the tick showed that it was infected with a rickettsial agent. Phylogenetic evidence based on the three genes sequenced showed the rickettsial agentÕs closest relatives were R. honei strain TT-118 (Thai tick typhus), and R. honei (Flinders Island spotted fever). In general the 16S rDNA phylogenetic analysis demonstrated a poor ability to resolve relationships among the SFG rickettsia (data not shown); however, it did reveal differences between the H. novaeguineae rickettsia and both TT-118 and R. honei. The dendograms for both ompA and ompB were more useful in reconstructing the relationships between SFG taxa (Figs. 1 and 2 ) as determined by bootstrap support and topological agreement with each other and previous studies Raoult 1995, Fournier et al. 1998) . The topology of the ompA dendrogram was more affected by small changes in phylogenetic reconstruction method than the dendrogram derived from ompB. R. honei strain TT-118 and R. honei share the same ompA and ompB sequences. The sequenced strain differs from the pair by one nucleotide substitution at ompA and a single insertion in ompB. Both dendrograms lend 100% bootstrap support to the clustering of the three strains with one another. This represents the Þrst report of a spotted fever-like Rickettsia from Cape York Peninsula and a potentially novel vector. The same region is known as an endemic focus of chigger-borne scrub typhus (Sexton et al. 1990 ). 
